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Professor David
Thompson and
Dr Chris Jones,
University of
Southampton,
describe the
issues in the
control of noise
and vibration
from railway
systems…
Noise and vibration
In September 2004, the Eighth InternationalWorkshop on Railway Noise was held in Buxton,hosted by the University of Southampton. This was
attended by around 120 experts in the field from
around the world. The main issues concerned the
understanding and reduction of the dominant sources
of noise and vibration in the railway system – wheel/rail
rolling noise, curve squeal and vibration transmitted
through the ground. New European Union legislation
has increased the urgency with which such issues need
to be addressed.
Rolling noise
The noise produced by the rolling of the wheel on the
rail is the main source from train operations at conven-
tional speeds. Its origin is the unevenness (roughness)
of the wheel and rail surfaces. Both the wheel and the
rail vibrate as a result, and these vibrations are respon-
sible for the noise produced.
‘…vehicle manufacturers could find
themselves faced with a target
noise level that is largely outside
their control, being mainly
influenced by track design.’
Theoretical models such as TWINS (Track-Wheel
Interaction Noise Software) can be used to determine
the noise radiation from particular designs. It is common
for the noise radiated by the rail to be induced by rough-
ness predominantly on the wheel and vice versa. This
makes it a complex issue to apportion noise components
in a railway industry where separate companies have
responsibility for vehicles and track.
Technical Specifications for
Interoperability
Noise legislation for individual vehicles has applied to
new road vehicles since 1973 but its introduction for
rail vehicles has been delayed, in part by the difficul-
ties of attributing the noise to the vehicle or the track.
However, such legislation has now been introduced by
the European Commission by means of the Technical
Specifications for Interoperability (TSIs). The TSI for
high-speed rolling stock was introduced in 2002 and
that for conventional rolling stock is about to follow.
These are intended to encourage cross-border opera-
tion of trains by ensuring technical compatibility. They
include requirements for noise emission, which form
the first type test limits for individual rail vehicles.
In defining a measurement method, a specification for
the track is included to eliminate its influence as far as
possible. This involves requirements for both the rail
roughness and the track structure, principally through
the use of stiff rail pads. Nevertheless, the track contri-
bution is still significant in the test situation and, in
practical situations, the track may be noisier than in
the test. Consequently, vehicle manufacturers could
find themselves faced with a target noise level that is
largely outside their control, being mainly influenced
by track design.
The END
The EU Environmental Noise Directive (END) came into
force in April 2002, and requires mapping of noise from
all transport and industrial sources for all conurbations
of Europe by 2007. Thus, nationally, the average noise
level will be known for any property and the dominant
sources contributing to that level will be identified.
The aims of the END include not only informing, but
also invigorating, the politics of environmental noise.
It also introduces the Lden, a single descriptor for
environmental noise that is ‘harmonised’ over all
Member States. This is a weighted combination of the
equivalent continuous noise level (LAeq) over daytime
(12 hours), evening (four hours) and night-time (eight
hours) periods. ‘Harmonised’ European calculation
methods are also to be adopted, research into which is
being sponsored by the EU.
Action plans for the reduction of noise levels at
‘hotspots’ and the maintenance of levels where they
are already acceptable must be put into place by the
end of 2008.
Noise reduction
Where the need to reduce noise is identified for a
small number of properties, extra sound insulation can
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be provided using double glazing, etc. For larger areas,
noise barriers can be built alongside the railway. Noise
reduction from barriers increases with the height of
the barrier and its proximity to the source, and they
are only effective in the ‘shadow-zone’ behind them.
Recent new line projects, such as the TGV-Méditerranée
in France, Channel Tunnel Rail Link in the UK and the
Dutch High Speed Line, rely heavily on very expensive
barriers, typically costing €1m per km of track, earth
banks and even lowering the alignment into cutting or
tunnel because of noise. Properties close to the align-
ment may have to be bought up.
‘The EU Environmental Noise
Directive (END) came into force in
April 2002, and requires mapping
of noise from all transport and
industrial sources for all
conurbations of Europe by 2007.’
Noise control at source (measures to control wheel and
rail vibration, and sound radiation) has been shown in
several studies to be more economic than noise barriers
in many situations, but its introduction is often hin-
dered by the fact that both vehicles and track need to
be treated, the responsibility for these being divided.
A successful means of reducing noise from the rail is a
tuned damper attached to the rail. One such device has
been developed by Corus and ISVR. This can reduce the
rail contribution to the noise by 6dB. Damping treat-
ments applied to wheels are similarly successful in
reducing the wheel contribution. Shape optimisation of
the wheel cross-section has also been successfully
employed. However, to be effective, such measures
need to be applied in combination.
Freight trains
In mainland Europe, freight vehicles used internationally
have had to be fitted with cast-iron brake blocks. These
cause rough wheels and mean that these wagons can be
considerably noisier than modern passenger stock, which
is mostly fitted with disc brakes. As freight trains often
run at night, the noise from a small number of such
trains can dominate the Lden at particular locations.
To overcome this, the railway community has been
working towards introducing composite brake blocks
that can be used without significant additional cost.
These leave the wheels much smoother than cast-iron
blocks, reducing noise levels. However, there are many
problems attendant with their introduction, such as
ensuring braking performance and the integrity of
wheels under a more intense thermal loading cycle.
Ground vibration and noise
Vibration in the range 2-80Hz is transmitted to build-
ings predominantly from heavy-axle freight trains
running on surface lines. This is perceived as ‘whole
body vibration’. At higher frequencies, between about
30 and 200Hz, vibration from trains in tunnels propa-
gating through the ground causes noise radiation
from the vibration of walls of the building directly into
the rooms. This is generally treated at source by use of
vibration isolation in the track design (soft baseplates,
floating slab track, etc.).
Environmental impacts have been evaluated in the
past mainly by use of empirical models. Mechanism
models have begun to emerge for vibration produced
by vehicle-track interaction in this frequency range
and numerical models (eg. special boundary elements
and finite elements) are being developed.
Curve squeal
Curve squeal is a high pitched tonal noise caused by
self-excited vibration of wheel resonances due to rela-
tive lateral motion between the wheel and the rail.
Wheel flange lubrication reduces squeal but has the
disadvantages of ground pollution and migration onto
the running surfaces if not well managed. Other fric-
tion modifying treatments of the wheel and rail
surfaces have also been developed in recent years.
Water sprays have also been used successfully.
Vibration damping has been successfully applied to
wheels to eliminate squeal. The Class 150 and 156
DMU fleets in the UK are fitted with a constrained
layer damper for this purpose. These were installed to
overcome a particularly severe curve squeal problem
at some locations on winding rural lines when they
were first introduced into service in the 1980s.
The angle of attack between the wheel and rail in the
curve can be reduced using steering bogies. This is
appropriate for light rail vehicles where speeds are low.
Although expensive, it has also been applied in some
mainline rolling stock, for example, in Switzerland and
Sweden.
Conclusion
European legislation is likely to mean that railway
noise and vibration will increase in importance in the
near future. Theoretical understanding developed in
recent years will greatly assist in finding suitable
options for noise control.
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